A comparison of the properties of cardiac actin with those of skeletal actin has been undertaken in an attempt to explain several fundamental differences between the behavior of heart and skeletal muscle which have recently been elucidated. Most striking among these is the finding that cardiac muscle develops less tension than its skeletal counterpart. Burton 1 has calculated that the force generated by the human ventricular myocardium is less than 30% that developed by the same cross-sectional area of skeletal muscle, and Abbott and Mommaerts'-' have confirmed this calculation by direct measurement. The latter authors also found that the positive inotropie effect resulting from increased rate of stimulation was not associated with prolongation of the active state in cardiac muscle, in contrast to the prolongation expected in skeletal muscle. 2 The positive inotropic effect of adrenergic agents on mammalian cardiac muscle has been attributed by Brady et al. 3 to an increase in shortening velocity without alteration in the
• A comparison of the properties of cardiac actin with those of skeletal actin has been undertaken in an attempt to explain several fundamental differences between the behavior of heart and skeletal muscle which have recently been elucidated. Most striking among these is the finding that cardiac muscle develops less tension than its skeletal counterpart. Burton 1 has calculated that the force generated by the human ventricular myocardium is less than 30% that developed by the same cross-sectional area of skeletal muscle, and Abbott and Mommaerts'-' have confirmed this calculation by direct measurement. The latter authors also found that the positive inotropie effect resulting from increased rate of stimulation was not associated with prolongation of the active state in cardiac muscle, in contrast to the prolongation expected in skeletal muscle. 2 The positive inotropic effect of adrenergic agents on mammalian cardiac muscle has been attributed by Brady et al. 3 to an increase in shortening velocity without alteration in the duration of the active state in contrast to the mechanism of action of these agents on mammalian skeletal muscle where their primary effect is upon the duration of the active state. Sonnenblick 4 also noted the fundamental difference in the mechanism of the positive inotropic effect produced by increasing the frequency of stimulation and by adrenergie stimulation, extending his studies to include the effects of calcium which also alters the maximal velocity of shortening of heart muscle, but not of skeletal muscle.
Differences between skeletal and cardiac muscle have also been found at the molecular level. Mommaerts et al., 5 reviewing the data concerning actomyosin from cardiac muscle, concluded that cardiac actomyosin develops less tension on addition of ATP than skeletal actomyosin, and Briggs 0 found that glycerinated fibers from dog heart developed only 1/10 the tension developed by comparable fibers from skeletal muscle. The adenosinetriphospliatase activities of cai'diac actomyosin 7 and cardiac myosin 8 ' n are considerably less than the corresponding activities of skeletal actomyosin and myosin, and studies with myofibrillar adenosinetriphospliatase have revealed differences between the properties of this enzyme from cardiac and skeletal muscle, particularly those related to the mechanism of relaxation.
Szent-Gyorgyi reported that more powerful methods are needed to extract actomyosin from cardiac muscle than from skeletal and there is evidence that the susceptibility of cardiac myosin to proteolytic 188 KATZ, HALL hydrolysis differs from that of the homologous protein from skeletal muscle. s The physicochemical properties of the myosins from cardiac and skeletal muscle appear to be simil ar 8 ' " • . 12 although not all of the published evidenee concerning the size and shape of the cardiac myosin molecule is now in agreement. 13 Investigations of the role that cardiac actin may play in the unique properties of heart muscle have been limited by difficulties in the isolation and purification of this protein.
Horvath et al., 14 who first reported preparation of cardiac actin, gave no evidence regarding purity, and Snellman and Gelotte 15 obtained an impure protein which had little polymerizing activity; Gelotte 10 also reported that cardiac actin from sheep had little ability to polymerize. Cruck 17 obtained free eleetrophoretic patterns of cardiac aetin which suggested that this protein was heterogeneous. Cowle and Thorp 18 and Zador 19 obtained cardiac actin from dogs but presented no data about the parity of their product, and Wollenbergev 20 reported obtaining actin free of deaminase activity from calf hearts. Wollenberger noted that cardiac actin from freshly killed animals polymerized more rapidly than actin from hearts which had remained in the body for some time after death. In all of this published work, no adequate criteria for purity have been met. Cardiac actin has been obtained in this laboratory during the past decade (Mommaerts, W. F. H. M.; personal communication), but its preparation has not been systematically developed.
In the present report, four basic methods for purifying actin from dog ventricular muscle were compared. One of these was found to give excellent yields of actin that appeared to have homogenous starch gel electrophoresis and sedimentation patterns. The molecular weight of dog heart actin, determined by the use of sedimentation and viscosity measurements, was 62,300, in close agreement with that of 61,600 obtained by similar measurements for actin from rabbit skeletal muscle. Limited data derived from studies on rabbit cardiac actin indicated that this protein has similar molecular characteristics.
Methods
Dog hearts were obtained from animals anesthetized with a barbiturate and bled immediately before the chest was opened. The hearts wore either ground and extracted immediately, or were frozen until use. Ventricular muscle was ground in a Hobart extrusion-type meat grinder and divided into four equal parts which were extracted by one of the following methods.
BARANY METHOD
Acetone-dried muscle powder was prepared by the method of Barany et al. 21 modified in this laboratory. 22 ' 23 A single washing with ice cold 0.01 M BDTA* in 0.04% NaHCO 8 was followed by two washings with ice-cold water and three with cold acetone. The powder was air-dried overnight and extracted as described in method 4. This is the standard method for the preparation of acetone-dried muscle powder from rabbit skeletal muscle now used in this laboratory.
BUTANOL-ACETONE PROCEDURE
This method, designed to yield purified actin without ultracentrifugation, was described by Tsao and Bailey. 24 The present procedure followed the published method without significant modification.
POTASSIUM IODIDE METHOD
This method utilizes 0.6 M KI to extract actin from muscle after most of the myosin has been removed. The original procedure described by Szent-Gyorgyi 25 was followed closely, except that in the final stages the purified aetin was dissolved in 0.2 HIM ascorbic acid and 0.2 MAT ATP (see below).
STRAUB METHOD
Many modifications of Straub's original technique for the preparation of: actin powder 20 have been published; the details of the procedure used in the present study were described by Szent-Gyorgyi. 27 This method, modified somewhat, gave the best yields and will be described in detail.
Ventricular muscle was minced as described above; repeated extrusion (3-5 X) gave a finer dry powder and larger yields of actin. The ground muscle was weighed and stirred for 10 minutes at 4°C elec trop horesis of Guba-Straub solution with four volumes of freshly prepared 0.4% Nn..I:I.CO :t and again pressed through gauze. Another 10-minute washing with one volume of 0.05 M aSTaHCO;, and 0.05 M: Na 2 CO 3 was followed by addition of 10 volumes of 0.5 HIM CaCLj with stirring another 10 minutes. The muscle was then pressed through gauze and washed three times with three volumes of ice-cold acetone. The dehydvated powder was spread on filter paper, airdried overnight and stored in the deep freeze.
Extraction of actin in methods 1, 2, and 4 was carried out at 0°C, using two thirty-minute periods of extraction of the powder, each with approximately 12 volumes of 0.2 HIM ascorbic acid and 0.2 HIM ATP adjusted to pH 7.6 with KOH. Prolonged or vigorous stirring was avoided. The suspension was filtered and clarified by eentrifugation for one hour at 105,000 X g in the Spinco model L ultracentrifuge. KC1 was added to the supernatant in a final concentration of 0.1 M and polymerization allowed to proceed at room temperature for two to six hours, then overnight at 4°C. Since the pH of the solutions obtained by method 4 was found to be about 9, it was adjusted before polymerization to approximately 7.8 using 1.0 M TrisNO s of pH 7.6. F-aetin was collected by ultracentrifugation as described by Mom maerts and the pellet homogenized using a hand operated, ice-cold, Teflon homogenizer.' 2!) A second cycle of polymerization and depolymerization in 0.2 mat ascorbic acid and ATP at pH 7.6 was followed by dialysis overnight in 3/8 inch Visking dialysis tubing against 0.2 HIM ascorbic acid and ATP solution to which was added 1.0 M TrisiVO ;t of pH 7.6 to a final concentration of 1 HIM:. Any residual F-actin was removed by eentrifugation at 105,000 X g for one to two hours.
Protein concentration was initially measured by the Kjeldahl nitrogen determination, using 16.1% as the nitrogen content. 2 ' 1 The Biuret method was used for routine determinations; cardiac actin was found to develop 81% of the color obtained with bovine serum albumin (Armour, batch no. U17811).
Starch gel electrophoresis was carried out at 4°C in veronal buffer of ionic strength 0.012 at pH 7.6 in 0.2 MM ATP, using the technique described by Carsten and Mommaerts. 23 All physicocheniiea.l measurements were carried out in 0.2 HIM ascorbic acid and 0.2 HIM ATP solutions buffered by 1 HIM TrisHO;) at pH 7.6, a solvent found to stabilize actin sulfhydryl groups 22 and not to lead to the formation of detectable amounts of F-actin.
The partial specific volume of cardiac actin was determined using a Leach pyenometer of 25 ml capacity. The vessel was filled in a water bath regulated to ± 0.02°C and its volume calculated from the weight of the vessel filled with water at 21°C. Partial specific volume (V) was calculated from the equation : 30
where C is the protein concentration in g/ml and p and p 0 are the densities of the solution and the solvent, respectively. The sedimentation behavior of cardiac actin was observed in a Spinco model E analytical ultracentrifuge with schlieren optics; temperature was regulated at 20 °C by an "RTIC" temperature control unit. The sedimenting boundary was photographed at S-minute intervals at 59,7S0 rev/min and the sedimentation coefficient (s) was calculated from the equation : 31
where « is the angular velocity in radians per second, x is the position of the sedimenting boundary, measured from the center of rotation, and ,t is the time, in seconds, after reaching speed.
The relative viscosity of cardiac actin solutions was measured in an Ostwald-type viscorneter with an outflow time for water of approximately 90 seconds. The viscometer was held in a water bath regulated to 20.00 ± 0.02°C, and the outflow time measured with a stopwatch accurate to 0.1 seconds. The intrinsic viscosity of cardiac actin was calculated from the slope of the line relating specific viscosity to concentration, as described by Schaehman. 81 Diffusion coefficients were measured using a Spinco synthetic boundary cell in the analytical ultracentrifuge. The cell was filled with 0.4 nil of protein solution and 0.37 ml of the solvent placed in the cup. After equilibration at 20°C with the rotor in place, the centrifuge was accelerated to 9341 rev/min; the boundary usually formed around 8000 rev/min. The spreading of this boundary was observed using schlieren optics with a bar angle of 60° ; diffusion coefficients were calculated from the equation : 31 where A is the area, in cm 2 , of the schlieren pattern of the diffusing boundary in terms of distance along the cell; t is the time, in seconds, after formation of the boundary; ajid h is the maximal height of the boundary, in em. The relation between t and h~2 was found to be linear when the actin was in dilute salt solutions, and the curve extrapolated to zero within two minutes of the actual time of formation of the boundary. Since slight skewness of the diffusing boundary was apparent in all cases, the significance of factors affecting the shape of the boundary was examined. When these data were examined, using the analytical methods of Jacobs, 32 the wedge shape of the cell was found not to influence the appearance of the boundary. Self-sharpening of the boundary caused by sedimentation of the protein during the runs, when evaluated by Fujita's theoretical treatment, 33 was found to be negligible. Since the determination of D by the present method is not regarded as highly accurate, 31 no attempt to evaluate this problem in further detail was made. The boundary skewness may have resulted in part from formation of oligomers by actin (see below), and partly from irregular layering of the buffer on top of the protein solution.
Diffusion measurements which were made with actin in 0.6 M KI solutions, in order to minimize charge effects, gave rise to problems which will be considered below.
Results
The yields of cardiac actin obtained by the four methods employed differed greatly. No actin was obtained by the butanol-acetone procedure while approximately 30 mg of purified protein were obtained from 10 g of ventricular muscle by the KI method. The Ba.ra.ny method gave approximately 120 mg of protein and the Straub method yielded 250 mg of protein from 10 g of the same muscle mince. Because of the higher yield, the latter method was chosen for further study. The initial actiu solutions were distinctly yellow in color in contrast to the colorless solutions obtained from skeletal actin. Upon repeated polymerization and depolymerization of the actin the yellow color was lost, indicating that this represented an impurity, possibly flavoprotein in nature.
The rigid thixotropic gel obtained with dilute solutions of F-actin from cardiac muscle is illustrated in figure 1 . This behavior compares favorably with the rigidity of F-aetin gels obtained from rabbit skeletal muscle.
The pattern of starch gel electrophoresis of G-actin from cardiac muscle is illustrated in figure 2 and the appearance of the sedimenting boundary of this protein is seen in figure 3.
An electronmicrophotograph of F-actin filaments prepared from rabbit cardiac actin is illustrated in figure 4 .
Partial Specific Volume. Determinations of the partial specific volume of three preparations of cardiac actin are given in Tracings of the sedimentation boundaries observed at two different concentrations of cardiac actin after 104 minutes of sedimentation at 59,780 rev/ min. The direction of sedimentation is from left to right. In the standard cell (below), where the protein concentration was 2.4 ing/ml, skewing of the boundary toxoards the bottom of the cell can be seen. In the wedge cell (above), at the higher concentration of 6.3 mg/ml, a distinct second peak is apparent. In both cells, the cardiac actin was in 0.2 VM ATP, 0.2 MM. ascorbic acid in 1.0 I»M TrisNO a at pTI 7.6. The temperature was 20°C.
the rate-limiting step in polymerization, 34 may have proceeded to a limited extent in the dilute salt solutions employed in the present experiments. On the other hand, the oligomers may be similar to those noted in skeletal actin inactivated by one of several means. 35 If the appearance of such aggregates is a reversible phenomenon, such as it would be if the oligomers were related to the initial step Theoretical schlieren patterns of the sediinenting boundaries expected from an equilibrium mixture of monomers and oligomers composed of four monomers. A. Where the protein concentration is about 4 mg/ml, the boundary produced by the monomers is in the position which would be occupied by a pure solution of these monomers (X 3I ); the dotted line (X A ) represents the position which would be occupied by a pure solution of the oligomer. B. Where the protein concentration is about S mg/ml, the concentration of the oligomer is sufficiently high to appear as a second sedimenting peal'. Although the latter may appear approximately as high as that produced by the monomers, the actual concentration of the oligomer is only about 5% of the total concentration. These diagrams neglect the effects of diffusion; thus, the peaks as represented here appear sharper than they would experimentally.
in polymerization, the equilibrium between monomer and oligomer can be expressed : P = M" k where P is the concentration of oligomer, M is the concentration of monomer, n is 3 or 4, and k is the equilibrium constant. This expression holds approximately for slow changes in monomer concentration relative to the rate of equilibrium of the reaction: nM ~ P.
Gilbert's treatment of the shape of the sedimenting boundary expected from such a mixture 30 mny be applicable in the case of actin. Tracings of the sedimentation patterns obtained from cardiac G-actin ( fig. 5 ) can be compared with theoretical sedimentation patterns calculated from Gilbert's theory ( fig. 6 ). The latter calculations do not account for the effects of diffusion; thus, the theoretical diagrams appear sharper than they would experimentally. According to this theory, if n = 4, the appearance of a second peak at the concentration 5 mg/ml indicates that k is of the Circulation Research, Volume X11I, September 19GS 3- order of 2 X 10 10 (liters per mole) 3 and the concentration of the oligomer is about 1%'by Aveight of the total actin concentration at 5 mg/iul. On the other hand, if n = 3, the boundary has a qualitatively similar shape. Then k would be of the order of 1 X 10 7 (liters per mole) 2 and the concentration of the oligomer about 10% by weight at 5 mg/ml and 1% at 1.4 mg/ml. These small amounts of oligomer will not significantly affect the position of the maximum concentration gradient 36 and the position of the major sedimenting boundary can be used to determine the sedimentation coefficient.
2-
The concentration dependence of the sedimentation velocity of the major sedimenting boundary is illustrated in figure 7 . Three different preparations of actin gave the same estimate for SOO.W This value, corrected for the density and viscosity of the solvent was 3.44. S. Values obtained for rabbit cardiac actin were not significantly different from those obtained for dog cardiac actin ( fig. 7) .
Intrinsic Viscosity. The curve relating specific viscosity to concentration is given in figure 8. The intrinsic viscosity of cardiac actin, calculated from the slope of this curve, 31 centrations greater than 5 mg/ml showed a nonlinear rise of viscosity at concentrations above 1.0 mg/ml. This behavior was most probably due to small amounts of a low molecular weight aggregate, rather than traces of F-actin, because it remained after the actin solutions were centrifuged for two hours at 105,000 X g. The nonlinear increase in viscosity appeared to depend upon the concentration at which the F-actin pellet was homogenized in the Teflon homogenizer, and thus could not be attributed to a tropomyosiii contaminant. In all cases, when F-aetin pellets were homogenized with enough buffer to give a final concentration of less than 3 mg/ ml, the nonlinear increase in specific viscosity at higher concentrations Avas not seen. Diffusion Coefficient. Although the obser-Aration of boundaries formed in the synthetic boundary cell of the ultracentrifuge cannot giA' e values of D AATi t h high precision, it Avas felt that a useful estimate could be obtained by this method. These values, presented in table 2, ranged between 6.8 and S.3 X 10~7 cm 2 /sec. These diffusion coefficients Avere higher than expected, most probably due to repulsive charge effects of the protein in dilute buffer at pli 7.6, well away from the isoelectric pH of actin of 4.7. In order to eliminate the charge effect, diffusion measurements Avere carried out in 0.6 M KI, a salt Avhich prevents polymerization of cardiac, as well as skeletal actin. 37 When freshly dissolved Concentration dependence of the specific viscosity of cardiac actin. Results from three different actin preparations are plotted. The slope of this line, 0.16 dl/g, is the intrinsic viscosity.
KI was added to both actin and buffer immediately before analysis, diffusion coefficients of the order of 5-6 X 10~7 em2/sec were obtained. Since these measurements were susceptible to large errors resulting from slight differences between the concentration of KI in the protein solution and buffer, overnight dialysis of the actin against 0.6 M KI was carried out. Under these conditions, the plot of l/h a vs. time was nonlinear ( fig. 9 ) ; the rate of fall of the peak increased with time. This behavior is probably explained by dissociation of oligomers of G-actin at the boundary and is consistent with the observation that skeletal G-actin undergoes slow aggregation in 0.6 M KI. In view of these difficulties presented by this protein, which is unstable in concentrated salt solutions, the attempt to obtain a precise value for D was abandoned. The value of v for cardiac actin was 22.4, giving an axial ratio of appi'oximately 14, using the table provided by Melil et al. 30 for a prolate ellipsoid of revolution. Using the table of Scheraga and Mandelkern, 38 the corresponding value of /? is 2.52 X 10°. Substituting this value for /3 in the above equation gives a molecular weight of 62,300.
It must be emphasized that the Scheraga-Mandelkern equation 38 was developed to characterize the hydrodynamie behavior of proteins in terms of an equivalent ellipsoid of revolution, and that its use in the present calculation requires the assumption that G-actin behaves as a rigid prolate ellipsoid of revolution. Furthermore, in the present calculation, the hydration of the protein has been ignored. These limitations in the application of the Scheraga-Mandelkern equation do not affect the major conclusion of this work, the similarity between cardiac and skeletal actins, because the same assumptions were made in calculations of the molecular weight of rabbit skeletal actin.' 10 There is some evidence that the presently estimated axial ratio of 14 may be too high, since electronmicrophotographs of F-actins from both skeletal 41 . 4) show monomers which appear neai'ly spherical. It is possible that denaturation of the protein caused by drying and staining may have altered the shape of the actin monomers; alternatively, the high axial ratio calculated from these physicochemical measurements may reflect flexibility or hydration of the actin.
Estimation of the molecular weight was attempted using the Svedberg equation : 31
where R is the gas constant, T the absolute temperature, s the sedimentation coefficient extrapolated to infinite dilution of the protein, D the diffusion coefficient similarly extrapolated to infinite dilution of the protein, V the partial specific volume of the protein and p the density of the solvent. The anhydrous molecular weight calculated was approximately 43,000 using the diffusion constant measured in dilute buffer. This estimate of molecular weight is lower than that obtained using data from sedimentation and viscosity measurements, and the error is clearly due to augmentation of D by the repulsive charge effect of the protein in dilute salt solution (see above). When the diffusion coefficient obtained from studies on actin freshly dissolved in 0.6 M KI is used in this calculation, the estimate of molecular weight becomes 51,000 which more closely approximates the value calculated from sedimentation and vis-cos^'. However, the true value for D remains uncertain for reasons already given.
Discussion
It has been possible to obtain a highly purified actin with the ability to form rigid gels from dog heart muscle. Initial experiments, using frozen muscle, led to the selection of the Straub method for preparation of cardiac actin. Further work with this method, using fresh ventricular muscle, has also given excellent results and led to its acceptance as the standard method for preparing cardiac actin in this laboratory. A further advantage of using the Straub method is the availability of cardiac myosin which can be purified from the initial washing with Guba-Straub solution.
Starch gel eleetrophoresis of cai'diae aetin revealed a single band ( fig. 2 ). Additional bands with lower mobilities Avere seen when electrophoresis was carried out at more alkaline pH without added ATP; these are likely to represent oligomers of G-actin, rather than impurities. 23 ' 34 ' 35 ' 43 It is unlikely that these bands are due to tropomyosin contamination, since they do not correspond in electrophoretic mobility to rabbit tropomyosin under conditions where tropomyosin would appear as a separate boundary. 23 Analysis of sedimenting boundaries in the ultraeentrifuge consistently revealed either a large peak preceded by a small, more rapidly sedimenting peak, or an asymmetrical boundary sloping more gradually towards the bottom of the cell than towards the meniscus. The asymmetry, which has been noted in the case of skeletal G-actin, 2S> 40 has usually been ascribed to charge effects resulting from sedimentation in the very dilute salt solutions necessary to prevent polymerization of G-actin. In the case of cardiac actin, the second peak was seen only at higher concentrations while the boundary appeared asymmetrical at lower concentrations; this behavior is identical to that seen with skeletal G-actin prepared in this laboratory. 35 This phenomenon may be the result of sedimentation of an equilibrium mixture of G-actin monomers and small amounts of oligomers consisting of three to four G-actin subunits, and is not likely to have represented an impurity in the aetin.
The molecular weight of dog cardiac actin determined in this study was 62,300, a value similar to that of 61,600 obtained for rabbit skeletal rcrasele using similar techniques. 40 Other estimates of the molecular weight of skeletal aetin are: 56,000, based on calculations from end group analyses ; 44 57,000 and 60,000 from light scattering measurements ; 2S ' 45 and 60,000 and 62,500 based on ATP content. 46 ' 47 Rabbit heart aetin exhibited approximately the same sedimentation behavior as dog heart aetin; it is thus likely that its molecular weight is also very nearly 60,000 and not significantly different from the corresponding rabbit skeletal actin.
The value of the sedimentation coefficient obtained for dog heart actin, 3.44 8, was in the range of sedimentation coefficients of 2.8 to 3.75 8 obtained for rabbit skeletal actin _i5, 28, 35, 40, 48 The published range of intrinsic viscositj' determinations for rabbit skeletal actin is considerable, from 0.14 40 to 0.21.15. ^o Thg higher published values may reflect the influence of tropomyosin contamination" 0 or of the oligomers seen in more concentrated preparations in the present studjr. The value of the intrinsic viscosity obtained for rabbit skeletal actin in this laboratory was 0.18 35 which differs little from the present result of 0.16. The primary charge effect does not influence the sedimentation eoffieient upon extrapolation to zero concentration,' 40 but the secondary charge effect is not so eliminated 28 and may be responsible for some of the reported variations. The primary charge effect is assumed to have little influence on the intrinsic viscosity, particularly since the reduced viscosity was found to have little concentration dependence. It is clear that several approximations and assumptions are involved here.
The influence of the primary charge effect in dilute buffer solutions prevented accurate determination of the diffusion coefficient. This inaccuracy was also due in part to the choice of a somewhat imprecise method of measurement in the synthetic boundary cell of the ultraeentrifuge.
It must be emphasized that, for reasons already discussed, these physieochemical measurements do not establish the molecular weight of dog heart actin with precision. The main point of this study has been to demonstrate the apparent equality of cardiac and skeletal actins. Since molecular weight estimates from sedimentation velocity and intrinsic viscosity were 62,300 and 61,6OO 40 respectively, it appears unlikely that the differences between the physiological behavior of cardiac and skeletal muscle can be explained on the basis of a major physicochemical difference between the actins from the two tissues. The possible role of differences in amino acid com-Circulation Research, Volume XIII, September 1SSS position and sulfhydryl reactivity are presently being investigated.
Summary
A systematic study of the preparation of aetin from cardiac muscle has led to the use of a modification of Straub's original technique which gave good yields of an F-actin with very high polymerizing activity. The Gaetin obtained by this method was found to be homogeneous in starch gel electrophoresis; the sedimentation behavior suggested that small amounts of oligomers of 6-actin may have been present in addition to monomeric G-aetin, but there was no evidence of impurity.
The partial specific volume of dog cardiac actin was approximately 0.715 inl/g, the sedimentation coefficient extrapolated to infinite dilution of the protein was 3.44 8, and the intrinsic viscosity was 0.16 dl/g. Precise measurement of the diffusion coefficient was not feasible due to the instability of the G-aetin monomers in solutions of high ionic strength. The sedimentation behavior of rabbit cardiac actin was similar to that of dog cardiac aetin.
The molecular weight of dog cardiac actin, estimated from sedimentation and viscosity data, was 62,300. Since this estimate of molecular weight is similar to published values for rabbit skeletal actin, the different properties of cardiac and skeletal muscle cannot be attributed to a major physicochemical difference between the actins of these two tissues.
